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This paper describes, compares and 
evaluates four different card sorting 
algorithms, giving extensive examples, 
tabulations and timing charts. 


This paper also presents certain systems, 
aspects and operating procedures which 
make System /360 card sorting more 
attractive than conventional card sorting. 


INTRODUCTION 


This paper was inspired by several intra-office discussions on the 
utility of the 360/ 20/2560 for card sorting and the efficiency of 
the supporting program. 


The investigations carried out to support this paper were hastily 
executed and the results included in the appendices must not be 
regarded as anything but flimsy evidence, based as they are on 
small samples called in an informal manner from the middle of 
the Smiths in the Melbourne Telephone Directory. 


The algorithms investigated were merely the first few which 
sprang to mind and many more remain even unmentioned. In 
particular, digit sorting similar to conventional card sorting can 
be performed with the MFCM, but this has been ignored. 


The casual reader will be mainly interested in the practical 
conclusions drawn in the section entitled "Comparison with Unit 
Record Sorting’. 


The paper will be most easily followed if the appendices are 
separated from the body of the paper for easy reference while 
reading the narrative. 


INTRODUCTION (continued) 


Relevant IBM Publications are: - 


C 26-3601 IBM System/360 Model 20 
Punched Card Utility Programs 


F 28-8001 General Information Manual 
Sorting Methods for IBM DP Systems 
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STRAIGHT MERGE 


The concept of merging to create a file with a single sequence 
is quite distinct from that of digit sorting as with an 082 

card sorter. It is assumed that the reader is familiar with 
both concepts. 


The straight merge simply feeds two halves of an input file (one 
half from each hopper) and merges, string for string, then 
flip/flop stacks output, string by string, into two stackers. The 
process is exemplified in Appendix Al, with a logic diagram in 
Appendix Bl. + 


Basically, the gain G of the process will be 2.0, the gain being 


defined so --- 
/ 


Tae 


G = No. of oytfut strings 


No. - of input prings 
on: 
hee os 
he 
However, with small input strings, the gain may rise slightly 
above 2.0. This adventitious process is illustrated in Appendix 
A2, 


Using a straight merge, 2N input strings may be merged into a 
single sequence with N passes of the file. 
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RETROSPECTIVE MERGE 


To improve the gain available with straight merging, the 
circumstances of adventitious gain (as shown by Appendix A2) 
may be amplified. The value of the control field of the last 
card selected into EACH stacker is relevant. This information 
is available to the controlling program and it would be a pity 
not to use it. 


A "retrospective’ algorithm might be loosely stated as follows. 
Feed the lower or only "possible" card into the highest "possible 
stacker. If neither card is "possible’, feed the lower card into 
the highest stacker. 


By "possible'' card is meant a card that can be stacked without 
causing sequence break. Also, a ‘possible’ stacker will not 
break sequence if the card is selected into it. The ranking of 
stackers is by control field of the last stacked card. The 
algorithm as stated is for ascending sequence sorting. 


The retrospective merge is exemplified in Appendix A3, 
with a logic diagram in Appendix B2. The example of Appendix 
A3 may be compared with that of App. Al. The retrospective 
merge is compared with other merges in Appendix A4, 
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RETROSPECTIVE MERGE (continued! 


COMPRESSIVE MERGE 


The appendices referred to above show input strings of 

average length 2. The process whereby a gain larger 

than 2 is achieved is more clearly illusirated in 

Appendix A6 which illustrates a retrospective merge 
with input string length of about 5, 


In seeking to improve the retrospective merge, its operation 
must be examined in detail. Consider the merge illustrated 
in Appendix A3. Notice that card 731i in the primary feed 
is held (waiting for the 500 and 583 cards to be added to 
sequence in stacker 2} despite its close proximity to the 705 
card in stacker 1. This card would have been held up even 
if ithad been a 710 card. The 731 card is, in fact, followed 
by cards 504 and 558 which might advantageously be merged 
with cards 500 and 583 in the secondary feed. 


One characteristic of the algorithm for retrospective 
Merging is that its scope is not limited to a mere 

two stackers. The merge illustrated in Appendix A5 
shows the merge of Appendix A3 but using three stackers. 
The tabulated test results of Appendix C4 give an indication 


of the dependence of gain on the number of stackers used. The retrospective merge is designed to feed as many cards as 


possible without causing a sequence break. Taking a 

more indirect approach, it might be expected that a merge 
designed to minimise the gap in current stacker sequences, 
regardless of sequence breaks, would achieve a higher gain, 
at least with short input strings. 


Hence, an algorithm for "compressive merging might be 
stated as follows. Calculate the "gap' for each feed in 
eombination with each stacker. Select the feed/stacker 
cembination which gives the smallest gap and feed that card 
into that stacker. 
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COMPRESSIVE MERGE (cont.) 





The gap across a sequence break is calculated according to 
the modulus of the control field. For example, with a positis: 
three digit numerical field, the gap between 999 in the 
stacker and 001 in the feed is 002. With alphabetic fields 

the gap might be calculated by depth of match of the two 
fields, or by binary subtraction, or some such subterfuge. 
With /360 internal coding, the use of binary subtraction 
would tend to emphasise the sequence break, but not as 
utterly as retrospective merging. In fact, some experimenting 
with such a binary subiraction with all fields might yield 
some interesting effects, giving, as it would, a blend of 
retrospective and compressive merging. 


The compressive merge is exemplified in Appendix A7, witha 
logic diagram in Appendix B3. Note that the = exit from the 
gap comparison was not implemented in the program used to 
generate the test results of this paper. The example of 
Appendix A7 may be compared with those of Appendices Al and 
A3, Also, the tabulated test results of Appendix C2 show 
that the expected higher gain is definitely attained with short 
input strings. 


The compressive, like the retrospective merge, is not limited 

to use with two stackers. Appendix A8 (cf. A5) shows the 
compressive merge using three stackers, and Appendix C4 
tabulates test results showing the dependence of gain on the number 
of stackers used, 


COMPRESSIVE M ERGE (continued) 





The appendices referred to above show input strings of 
average length 2. The process whereby a gain larger ; 
than 2 is achieved is more clearly illustrated in Appendix AY 
which shows a compressive merge with input string length 
of about 5. Comparison of Appendices A9 and A6 clearly 
displays the essential difference in operation between 
retrospective and compressive merging. 


LONG INPUT STRINGS 


The results described so far show that sophisticated merges 
give gain significantly higher than a straight merge for snort 
input strings. However, with long input strings, the 
compressive and retrospective merges degenerate to 
operation very similiar to the straight merge. This effect 
will be seen in Appendix Al0, which shows a retrospective 
merge with input string length of about 8. The similarity 

to a straight merge is immediately evident. The compressive 
merge tends to give similar results although cards may be 
fed in a slightly different sequence or large gaps in input 
sequence may hold up one feed for a time, giving very. 

poor gain locally. 


The extra gain achieved by the retrospective and compressive 
merges comes from the switching of the output from one stacker 
to another. At the point of switching , the control field in 

the stacker currently being fed approaches that in another 
stacker, and the gap in sequence allows the high stacker to take 
over the output, thereby reducing the gap which would occur 

by straight merging. In effect, each stacker has a switching 
point which (when using two stackers) steadily backs down the 
sequence until it crosses a sequence break, thus causing one 
less than the straight number of strings in one stacker. 
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LONG INPUT STRINGS (continued) 


Hence, what might be called local gain approximately equal to 
one half the average gap will be obtained at each stacker 
switch. This gain should actually be greater than half the 
average gap since stacker switching might be expected to 
occur preferentially ai the larger gaps. In commercial 
sorting applications cards usually cluster, and this will 

allow greater gain than a random distribution. In the 
extreme, groups of identical cards will reduce the effective 
string length since they will be fed and stacked as though 
they were a single card. 


The use of more than two stackers will increase the gain possible 
since each stacker will have a switching point so that each 
output string will tend to spread itself over all available stackers. 


Appendices All and Al2 illustrate this effect. 
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SYNCHRONISATION 





Consideration of Appendices All and Al2 reveals weaknesses 
in the operation of both retrospective and compressive when 
the input comprises long strings. The effect is that a blocking 
condition may occur to prevent-one feed from contributing 

to the output until the block is removed at a significantly 

later stage. The effect can be so pronounced that merging 

of the input strings does not actually take place for some 

time and the controlling program only works one feed. 


Appendix All shows that a high card, in conjunction with one 

or more low stackers, is a blocking condition for the retrospective 
merge. Appendix Al2 shows that a card fed such that a large 

gap in sequence separates it from every stacker constitutes 

a blocking condition for the compressive merge. 


The blocking effect may be prevented by forcing the input to 
merge, string for string, using the knowledge of the previously 
stacked cards to control the stacking of subsequent cards but 
not the feeding of the cards. The method might be thought 

of as synchronisation of the primary and secondary feeds. 
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SYNCHRONISATION (continued) 





Benefit from synchronisation would not be expected unless 

the average input string length were greater than the number 
of stackers used. Notice that application of this technique 
removes the distinction between retrospective and compressive 
merging, emphasising that the relative success of compressive 
merging at low string length is due to its better control over 
the cards fed, not from more efficient stacking. 


Synchronisation was applied to the retrospective merge section 

of the program which produced the test results of the appendices 

to this paper. The results of synchronisation may be seen 

in Appendices A4, Al3, C2, C3, C4, Dl and D2. In 

particular, the comparison in Appendix A4 between the synchronised 


retrospective merge and the straight merge demonstrates their 


similarity, at least on the input side. 


The synchronisation described above is not the only method 
of removing the blocking effect, but it has the virtue of 
simplicity. 
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VARIABLE ALGORITHMS 


The algorithms and variations already described are of varying 
effectiveness depending on such facters as input string length, 
stackers used and range and type of control field. This 
variability suggests that increased overail effectiveness could 
be cbtained by keeping a measure of certain factors such as 
input string length (in each feed, perhaps) and switch from one 


type of merge to another when ccnditiona appear to be favourable. 


For example, a weighted moving average string length or 
control field gap size might be kept (and revised for each card 
read to enable a switch to be made part way through a long 
string) or a range (perhaps weighted moving average again) 
for each digit or character of a field and/or for each field 

as an entity. , 


Appendix D3 gives an estimate of the performance a variable 
algorithm might achieve, compared with the performance 

ef simpler merges. It must be emphasised that this appendix 
ia based on rather insubstantial test results and extensive 
guesswork. 
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VARIABLE ALGORITHMS (continued) 


Notice that retrospective and compressive merges may 
be interchanged at any point. If synchronism of the 
feeds is to commence or cease, certain points of 
interchange may be optimum. The straight merge 
would not be directly interchangeable unless only two 
stackers were in use throughout. However, when 
input strings become very long so there is no point in 
avoiding the straight merge, the extra stackers may be 
dropped one by one at sequence breaks, until a straight 
merge may be commenced. 
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REDUCTION IN SORTING TIME 





The algorithms described in the preceding text are 
suggested as definite means to significantly reduce sorting 
time with the 360/20/2560. However, these are not the 
only means. : 


If a card file is being sorted into sequence solely so that 
it can be tabulated, then the final merge pass will best 
be written as part of the tabulating program to save one 
pass of the file. Infact, any such tabulating program 
should be written for the general case of two input files 
(including the special case, as say, an end of file run-out 
condition) which are incidentally merged. 


Often a card file must be sorted to a series of related 
sequences (ringing the changes) to enable a series of related 
reports to be produced. With unit record sorting, the order 
in which the sorts are performed can be designed to 
minimise the number of card passes through the sorter by 
maximising the pre-sequencing. This can also be done with 
the 360/20 sorting, but the ‘entire control field must be 
‘ specified at every stage to force preservation of the pre- 
sequencing. However, the proportionate saving will probably 
not be as great. 
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REDUCTION IN SORTING TIME (cont.) 








One incidental aspect of MFCM sorting is that mishandling 
of the cards will not invalidate the sort and indeed, if 
it occurs during an early pass, will probably go unnoticed. 


Another aspect of MFCM sorting which promotes efficient 
operation is that the front of the file is not a significant 
point. In other words, the operator merely takes the 
cards from the front of the stackers and puts them in the 
hoppers (perhaps via card racks if the file is large) until 
they all feed into only one stacker. The file is then in 
sequence. There is no pause between passes to adjust 
the device. The aspect of continuous operation is 
examined more closely in the next section. 
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CONTINUOUS OPERATION 


It might be thought that, with a straight merge, the 
procedure of taking cards out of stacker 1 (2) and putting 
them into hopper 1 (2) would ensure trouble-free continuous 
operation. This is not necessarily the case. For the first 
pass of the sort the operator will arbitrarily split the input 
file into two halves, one for each hopper. Since it would be 
very difficult to split the file initially into an equal number. 
of strings, the merge would eventually fall inte imbalance, 
the cards in one stacker/hopper loop building up, in the 
other disappearing. A little hand-merging of strings 
with pencil and paper will uncover this phenomenon. Hence 
the operator should eventually exercise control over the 
transfer of strings from stacker to hopper. 


Aleo, when a more sophisticated merge is used, the problem 
of feeding two hoppers from say five stackers arises. For | 
small string lengths, selection of large slabs from each 
stacker in turn will only introduce a few extra strings. 
However, when relatively few strings are left {if not earlier) 
' the operator must exercise control over the transfer of 
strings from stacker to hopper. 
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CONTINUOUS OPERATION (Continued) 


With a straight merge (either in its own right or as the 

last phase of a complex merge) the merge should split the 
strings between pairs of stackers. Within each pair of 
stackers, the feed would be switched at the first sequence 
break after, say, 500 cards. This would enable the 
operator to balance the hoppers without splitting any strings. 


The use of marker carde (physically distinctive cards 
punched ail 9°s) is also recommended. These cards should 
be inserted at: intervals throughout the initial input deck. 
They would indicate to the operator both the precise 
lecation of some sequence breaks and, indirectly, the 
progress of the sort and would be removed from the back of 
the deck on completion of the sort. In effect, the cards 

in any stacker between two marker carde would constitute 

a macro-string and the operator could replenish the lower 
hopper with the front or only macro-string in one of the 
stackers. 
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REVERSED FILES _ 


Some reference is made in the IBM reference ‘manual 
C26-3601-1 to the problem of reversing the sequence 

of a file from say. descending to ascending order. Under 
any type of merge a strict reversal will be a lengthy 
procedure. However, if the file is predominantly in a. 
sequence the reverse of that required for a report, a 
better shorter procedure is possible. 


Sort, if necessary, the file to the strict reverse of the 
sequence required. Then, for the report, feed the file from 
the back face up nine edge first into the read hopper. This 
will supply input cards to the reporting program in the correct 
sequence but the card record will be inverted with columns 

1 to 80 presented as columns 80 to 1. It is a relatively 
simple loop to invert the card using two registers for 
addressing, one incrementing, the other decrementing. The 
program requires only two instructions, on the other hand, 
if the translate special feature is installed. The coding 

used can be as follows. 


First, some areas should be set up: 


CARD DC CL80 CARD INPUT AREA 


DRAC DC CL80 REVERTED CARD AREA 
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REVERSED FILES (continued) 


Then a reformatting mask must be defined: 


FMAT DC XL8°4F4E 4D4C4B4A44948" 
DC XL8°47464544434241 40° 
DC XL8’°3F 3E3D3C 3B3A3938° 
DC XL8’0706050403020100’ 


With the input record in DRAC the following instructions 
can be executed: 


MVC CARD, FMAT SET MASK 
TR CARD, DRAC INVERT 


The inverted card image is now in the area CARD. 


If it is anticipated that inverted files may occur within an 
installation, reporting programs may be written to read files 
optionally either normally or reversed. To determine if the 
file is in fact predominantly reversed in sequence, the average 
string length of a file (samples if large) can be determined 

and reverse sequence holds if the average is significantly 

less than 2. Alternatively, if the weighted moving average 
input string length calculated during a sort falls significantly 
(by some statistical measure) below 2, the sort can be halted 
by the program to allow reversed sorting to be substituted. 
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COMPARISON WITH UNIT RECORD SORTING 


Two questions should be considered. 


(i) 


(ii) 


Should a card sorter be included in an installation? 


If enough time for all necessary sorting is available 
on the /360/ 20/2560 without rental increase or 
overtime at suitable times of the reporting cycle, 
then there is no necessity for a card sorter. 
Advantages of simpler operating and reduced space 
requirements are gained by not including a sorter. 


Notice that the 3606/ 20/2560 would not be justified 
only on the basis of sorting, since great advantage 

in operating time will rarely be gained (more often 
lost} and it would be an expensive sorter. Operating . 
time for sorts is discussed under the next question. 
The conditions within an installation may, on the other 
hand, prevent a card sorter from being justified. 


On which machine should a particular file be sorted? 


It will not always be practical to sort a card file on the 
card sorter, for example if the control field contains 
binary or packed decimal data (summary cards) or is 
variable in format, or if a complex sequence 
determination is required. This last assumes that - 
special sorting programs can be written within an 
installation because such programs would be small even 
if complex. 
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COMPARISON WITH UNIT RECORD SGRTING (cont. ) 


A sort performed on the /360/ 20/2560 will be more 
reliable since the necessary sequence checking will 
prevent "mis-sorting” . 


The time taken for a sort (exclusive of operator time) 

on either machine is proportional to the size of the file, 
the number of file passes and the feed speed. With a 
card sorter, the number of passes depends on the size 
and complexity of the control field. With the MFCM, 

the number of passes depends on presequencing and file © 
size (hence double dependence) but is not dependent on the 
nature of the control field. Thus, for any particular 

sort there is a cutover file size, above which the MFCM 
is slower, below which faster. 


The cutover file size, using the fairly sophisticated sorting 
algorithms and procedures of this paper, is roughly 5000 
cards for a nine digit numeric sort, assuming random 
initial distribution and an 082 sorter. The effective cutover 
file size is raised (favouring MFCM) by complex control 
fields, operator time, presequencing and moat other 
incidental factors. Appendix D3 will be found useful in 
estimating other cutover points, remembering that certain 
operating procedures described in this paper can reduce the 
number of passes below the number shown in that appendix. 
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Appendix Cl - _ EXPLANATION OF ‘ABBREVIATIONS 


Total number of cards passed 


‘Number of cards through primary 


_Number of cards through secondary 


Number of strings through primary 
Number of strings through secondary 


Number of strings into stacker 1 


Number of strings into stacker 5 

Average length of input strings 

Average length of output strings 

Gain = L/L, 

Type of sort/merge 

Straight merge/ split 

Retrospective merge 

Compressive merge 

Retrospective merge with synchronisation 
Number of stackers used 
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“SORTING PROGRAM 


ee ee ee ee ee ee ee we oe ee ee ew ee oe 


CLEAR STCRAGFE §& ROOTSTRAP CARDS . 

, 898915, 922026, §3es34, sal, FEE CTE AA nT CER eT ERC rece 
L§96116,195186, 1101198101199, 279990129-827800110 Abr 26bbbbbbbbbebbbbebbbbbbbe2 
, 808815, 822629, P36 SU NL f71381, 35435810681 / 88h, AP lVEs6 PPO LIMSE TANS, FE4G 24MbROOTLDEL? 
LA78412,366367,374381, 386390, 3973981099 IM4BSMADO3SUTEROSEV ISSA OSKMEO7S 7 SbbLOADERS 2 
LA69442,496420,424431,439 AU POL ESTIDOIMAB OL OOK HALT SUP ORLG 3469-23 TUDLALOANFRGS 
L871474, 44745 54462466, 468469, 4714748 355S469R42 ee LUISEU RES 7MbEESLIBLOADER G4 


CONTROL ROUTINE FOR STRAICPT MERGE 
SB1Sfmbbb-bbb-bbb-beF? nF Um /LEIRCSLS5SP6PP S7ITHCSEOSKSRRSS 1 THPEBIR ES 1obhbLEREKELED 
SSISSMCSAGISHETBXHLTMRWSIMPS 1LOMCSHISLEMSESZT™P SE SMC SPOS SMPXLIT OPEL SEL oe ais EbbbbEEE 


ROUT IPE TO EE. EAT PR iaeey MUMRER . 
TELSSPHT SHMME TCSP IMR ISLS  DETV CT SLO TAPP R Lomb bey Perey i Te leLs 7. £7 EP 7)’ SbbbL sket 
“PRIMARY TMPUT AREA TSP PIAL of «bo 


8789 l bbb bbb bbb bbbbbbhb bh bbb bbb bb bbb bb bbb bh bbb bbbbbbbbbbbbbbbbbebL ki bi bbbi bl E Ebb 
ROUTINE, TO Gel Me AT OSECOMPARY: TAUMEER 

QULZEMHIZERMS7TESLEM“RIZES ME DMS 75S 7EMMIS Te bbbbbb sbbbbbbbbbbhkbkbbbbbbbbbbbbbbbbbbb 
QOB129™P bbb bbb~/P8sr, J#1 m4 Rm! 78S 78-2 955 cbbbbhbb bb bbbbbbbBbbEE EDN heh) bbbkbbbbbb 


MSECOMOLEY IMPUT ARFA Pe bt hei SEO 
$789 lbbbbbbbbbbbbbbbbbbbbb bbb bbb bb bbb bb bbEBbbL REL bbEAbbERE Ln bbbk bbb bbbbbbbbhbbbbkb 


SORTING PROGRAM - PAGE: 2 


ree) STORAGE AREA 
TE1E3™ bbb bbb=bbb=bbbebbb~bbb=bbb™bbbrbbbe bbe Sob bebe bmbbb=tbbbs bbbbbbbbbbbhb 


SeTauP é PRINT ROUTINE 
USL 54 MHUQEmRVA IT QMHISIBBI/299RUSOTESbeMT132 s3mcT+6Tt ZmRUTSTAMTE3TH CAR GLERGLEL DG 
U5 54 1-M299MHP8IDTEMRUGHTELE—PUZIMMUE IZ? UmRUGS: im2mR 68h bbbbbbbbbbbbbbbbkbbhbbbbbh 
m™PAGE OVERFLOW ROUTINE 

VELZ3"HV23—LVE4Q4IMFUMFAm onF Sm 2mRbbbbbbbb bbb bbb bb bbb bbbbbbbkbbbbbt bbb bbbEbbbbb 
V2458—PRMRYBSECNYbST, LbbsT. ZbbST. 3bbST, 4bbST, Sbbbbbbb bbb» bbbbbbbE bb bbbbbbhbhbhkb 


FEED PRIMARY & CET. NEXT : 
WEIS PmUW3 P>MW dU BeMSdzbbbme IES P37 LZ-nUPs me bbb T 1 5bbbbbbbbbbhbbEbbbLbbbbbE bbb 
Abd 2p eiot 520 aa7p lnnW2 sop bbe peer pep pepe ne PPP p Pape nereper Ry PbAbaE Penne 


FEED SECONDARY § GET NEXT a : ve - a : 
WS1ISPmHWE 7 ™MWE SWS MMS B6bE pmnod 11/6167 d6-PUg I-RBEbEEbEHEALEHEEEEBUDEBBEEBEBEEBEE 
X7120"7M¢5 A658 9-ROLIMPW73bEbbEbEbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb 
PAE LN PZT mHWZ2XS LOH 7 2X7 IME SE jmbbbbbb RE Pe Oe rep Uep PEPE PPPeEe Ppp Eeer ale gaa: 


SWAP STACKERS 

X15 MHX Z6mM4x FUE J-MX 293 JME fm B bbb=T1 5-72 1 bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb 
X 3314x465 99—7R519—bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb 
SHO 2GOMNA2EOMILZ XP ITNMHX 26% 3 39 3 SP bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbkbbbbb 


CONTROL ROUTINE FOR RETROSPECTIVE MERCE 
YELESMFOMEIM/ISPmMRUBIMCSBSSPEmMRYS7TTPEMS1 Lee h, D1mAYgSmENBImAPSIbbEbbbbbbebbEbb 
YE933mRW DRONE oii ae keg mama ene Riera bb bebbb bbbbbbbbbbbobbbbb bbbbbbbbbb 


ROUTINE TO RANK THE STACKERS PY LAST FED NUE Se 
JELESMHKITIMPTISZIZ“HZISTISMHZ2ZIT2ZIMRU7Z LT 2S See E2IT 29mAJT1T31EbbbbbbebbbbbbEbbbb bb 
GWG D PANE S373 GAP IT 17S TERE TOTS OM ALE TLE DERE GES SOL bBLDBDbE ‘bbbbtb deems po coed 
KB 149M D8 9PEOmRbbbZ/ 3 FHL OUST OMBKSSZUS EMCEE SEM MKENTOHSI4G! bbbbbebbbbbbbbbbott: 
KS AS EmRK 23™bbbbbb™MZJUEKS GeMeOMzZ/SZIBOMMMMK SOF SE MV MPR YZ mte POSE OM EES Pebbbbbbbbbbbtbh 
MSTORAGE AREA FOR RANKED STACKERS 

Z1331™bbbo! bbb=bbb~b! bb>bbbhobbb—bbbebbbebbbek bien “ELBE bHEDb ERLE EEL EL BEEBEUEOLOY Ite 


LOOK FOR PRIMARY SLOT 
MELSSRMMEOImE IC OUR PORT 2027 Sooo Z7 8 5 [Ber eL ZT eM E/ Fuh Smo fo umt BOLE GRE] Ihbbbbhbhbkbb 


LOCK FOR SECONDARY SLOT | | 
NPLSUMHEGIMUD LING Sons TORT A SOGE PROB OMOEA STS 2 (OLS BOR Pere G 8 ONT bent EeADEL bb rear b by 


FORCE STACKER WHE MO SLCT 
PHLISMMPLEZ1EmRK A Ilmbbbebbbbbbbbbbbbb bbbbebbLeLLbbbLbbhbbbbhbbt bbb bb bbb bhbbbhbbbr 


CONTROL ROUTINE FOR COMPRESSIVE MERGE 


OP TS3MECHFUm/1B PRU SIMMS P3RGIMBR GUMS PORE SHRP LEMCOS SOR IMBOEITMMCS Sick eb bbeb eecbEe. 


A543 5eBWP 1MPOPIMMOT OWE mRWS T>ROD Sm b> bb-bbbebbbm bb bbbbbbbbbbbbbbbbbkbbbbbbbbbbbbbb 


OSO1LIM-RRGLmRUPIMRO24bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb 
£¢ Been O ge EZ oe PP REP Er aan Perr pe PnP Ere 2 ekr ere ge myer re Repar breve rep PERRlbbe> 


ROUTINE CAL CULATING GAP RETWEED MUMREP § STACKER 


RE 156 bbb™URG 7™MO8 208 SH MMH ESOS EMERG SZ /$SEMCZ/SRLS™PRISTOMZ/ 5079S Z/8RE3bbbbbbbbb 
R57 SPMMRISCS2—Bbbb“HHEIPPHS796Z1S—S7HEZIEMARY SHO SOP EEMPRIIMS LU cbbbbbhbbbbbbbbbb | 


GET NEXT PRIMARY NUMBER - MODIFIER TO SYNCHRONISF THE RETROSPECTIVE MERGE 
| 76 1530H753-M5 937 59°ME 7250387 6055 SOME 75S TEM TLEMCT7SOSP3eN ts 1 Tee bbbb bbhbbbbbhbb 
T5446 bbE™bbbm/ KEN", SIP lL P7887 8787 12°F V4 be BY 57 Tbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb 


£91 34H$267 64eR423Y 24 THE IG 789 bEhY 2469 75 fe —“bbbbbbbbbkbbbbbbbbhbbbbhobbkbbbbbbbbbbb - 


GET NEXT. 2PORY, NUMBER = HOD LETTE DY TO SYMCMP CALS © aE RESTS PEC Te MERGE 


: QP 153°HI53°M5 9675 9°MS7 BSPFPOS4SLGbmNS75SS7Omi"7 SEMCTSISHOMP P41 Te bbb bb bbbbkbbbbbb 
695 4267/8 89, SL IMER™LE78S78™P91L2—° YE bbb bbbbL bbb bbbbbbbbbbbbbbbbbbpbhbobbbkbbbbbb - 


£41 54°HE6697 9M 26 ZY 24 THE6 67 89Mbb EY 24795 /mbobbbbbbht: bb bbbbbbbr bt bbbbbbkbbbbbbb 
™FORCE SYMCHRONISATION IM COMTROL ROUTINE , 
BAG LOMHY 52PH InHY CumP 3 5 fb LL bbbbbbLobbbLbbbbbb bb LbbbbbbbbbbbbbbbEbbbbk bbbt bbbbbbb 


THE PRECEDING CARDS,CONCERMED WITH SYNCHPONISATION, ARE ONLY INCLUDED WHEN 
“+ “WHEN THIS VERSION OF THE RETROSPFCTIVE VERGE TS REQUTPED! . 


53 


SORTING PROGRAM - PAGE 5 


oe em Ow ae ee ee Oe er ee ces Oe ee Om em ae owt Om om ew en or Ee om 


mEND CARD 
PPSS2-RSLIB“BSY7COMT4EST37—B 94 7DOMT 37 T3IMSO4TEMMT SIT 25>R YS IGMROPImbebbbbbbbbbkbbb 


SENSE SWITCH SETTINGS 


— or er ee ee ee ee ee we ee ee ee oe ee ae oe Ow ow = oe 


RB OF =— STRAIGHT MERGE §& SPLIT 
G&G ON - RETROSPECTIVE MERGE 
ELSE = COMPRESSIVE MERLE 


C OM - 5 STACKERS 
DPD ON = 4 STACKERS 
~£ ON - 3 STACKERS 

ELSE - 2 STACKERS 


